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Abstract
Introduction: To close gaps in HIV prevention and care, knowledge about locations and populations most affected by HIV is
essential. Here, we provide subnational and sub-population estimates of three key HIV epidemiological indicators, which have
been unavailable for most settings.
Methods: We used surveillance data on newly diagnosed HIV cases from 2004 to 2014 and back-calculation modelling to
estimate in France, at national and subnational levels, by exposure group and country of birth: the numbers of new HIV infec-
tions, the times to diagnosis, the numbers of undiagnosed HIV infections. The denominators used for rate calculations at
national and subnational levels were based on population size (aged 18 to 64) estimates produced by the French National
Institute of Statistics and Economic Studies and the latest national surveys on sexual behaviour and drug use.
Results: We estimated that, in 2014, national HIV incidence was 0.17& (95% confidence intervals (CI): 0.16 to 0.18) or 6607
(95% CI: 6057 to 7196) adults, undiagnosed HIV prevalence was 0.64& (95% CI: 0.57 to 0.70) or 24,197 (95% CI: 22,296 to
25,944) adults and median time to diagnosis over the 2011 to 2014 period was 3.3 years (interquartile range: 1.2 to 5.7).
Three mainland regions, including the Paris region, out of the 27 French regions accounted for 56% of the total number of
new and undiagnosed infections. Incidence and undiagnosed prevalence rates were 2- to 10-fold higher than the national rates
in three overseas regions and in the Paris region (p-values < 0.001). Rates of incidence and undiagnosed prevalence were
higher than the national rates for the following populations (p-values < 0.001): born-abroad men who have sex with men
(MSM) (respectively, 108- and 78-fold), French-born MSM (62- and 44-fold), born-abroad persons who inject drugs (14- and
18-fold), sub-Saharan African-born heterosexuals (women 15- and 15-fold, men 11- and 13-fold). Importantly, affected popula-
tions varied from one region to another, and in regions apparently less impacted by HIV, some populations could be as
impacted as those living in most impacted regions.
Conclusions: In France, some regions and populations have been most impacted by HIV. Subnational and sub-population esti-
mates of key indicators are not only essential to adapt, design implement and evaluate tailored HIV interventions in France,
but also elsewhere where similar heterogeneity is likely to exist.
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1 | INTRODUCTION

Over the past two decades, remarkable progress has been
achieved in the fight against HIV. The life expectancy of people
living with HIV has dramatically increased since effective

combination antiretroviral treatment (cART) has been available
[1] and continues to improve [2]. Additionally, effective cART, by
reducing the HIV viral load in body fluids to undetectable levels,
prevents onward HIV transmission [3]. Other new prevention
tools, such as Pre-Exposure Prophylaxis (PrEP), that is the use
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of antiretroviral drugs by HIV-negative individuals, have also
shown high effectiveness [4,5]. These advances in HIV treat-
ment and prevention have the potential to dramatically reduce
the number of new HIV infections and could open a new path
towards the end of AIDS epidemic. This prompted the Joint UN
Program on HIV/AIDS (UNAIDS) to launch the ambitious 90-
90-90 target [6], calling for 90% of people living with HIV to
know their HIV status, 90% of them to be on cART and 90% of
them to have achieved viral suppression. However, to reach this
target by 2020, and eventually end the AIDS epidemic, it will
require ensuring rapid and early access to cART as well as
extending tailored prevention services.
In most settings affected by HIV, including high-income

countries, late cART initiation remains common [7-12]. Cur-
rent major obstacles to early access to cART are undiagnosed
and late-diagnosed HIV infections [11-13]. Undiagnosed and
late-diagnosed individuals are at risk of HIV/AIDS-related
morbidity and mortality [14,15], and transmitting HIV [16,17]
because of delayed cART initiation. Ensuring early access to
cART will hence require shrinking the time interval from infec-
tion to HIV diagnosis, by raising awareness about the issue of
undiagnosed and late-diagnosed HIV infections among the civil
society and implementing relevant testing programmes, to
increase uptake of HIV testing among people who may have
undiagnosed HIV and/or be at risk of being diagnosed late.
This necessitates having a comprehensive understanding of
the populations affected by undiagnosed and late-diagnosed
HIV infections as well as whether these populations change
from one location to another. Likewise, extending prevention
services requires identifying the populations at risk of HIV
acquisition in each geographic area, and providing them with
prevention tools tailored to their needs [18].
Some efforts have been undertaken to describe the HIV

epidemics at a finer scale. Most studies focused on the geo-
graphic analysis and mapping of the HIV prevalence [19-22]
and HIV diagnoses [23,24]. Similar efforts to produce subna-
tional and sub-population estimates of HIV incidence, time
from infection to diagnosis and the undiagnosed population,
which are the key epidemiological indicators to guide and eval-
uate HIV prevention and testing programmes, remained to be
investigated in most settings; only the US Centers for Disease
Control and Prevention has recently generated estimates for
HIV incidence and undiagnosed prevalence at the state-level
[22]. More importantly, determining, within a country, whether
and how the populations affected by HIV differ from one geo-
graphic area to another remained to be done.
In this study, we provide a geographical and sub-population

analysis of three key epidemiological indicators: HIV incidence,
distribution of times from HIV infection to diagnosis and
prevalence of undiagnosed HIV infections, and a description of
the populations affected by HIV according to the geographical
area. To conduct this analysis, we used national surveillance
data on newly diagnosed HIV cases in France [23] and a, pre-
viously developed, statistical model [25,26].

2 | METHODS

2.1 | Data source

In France, like in many high-income countries, routine HIV
surveillance is based on case reporting of all new HIV

diagnoses, and conducted by Sant�e publique France, the
French national public health agency. It was implemented in
March 2003 [27]. Data on new HIV diagnoses include date of
diagnosis, demographic information (sex and country of birth),
HIV exposure group, clinical status at diagnosis (primary HIV
infection (PHI), asymptomatic, symptomatic without AIDS or
AIDS) and region of residence. Reported cases are adjusted
for delay in reporting, under-reporting and missing data [28].

2.2 | HIV incidence and distribution of time from
infection to HIV diagnosis

To estimate HIV incidence and the distribution of time from
infection diagnosis, we used a back-calculation model and data
on newly diagnosed HIV cases. The model has been described
elsewhere [25] and is detailed in Appendix S1 and S2. Note
that in our approach we estimated the distribution of time from
infection diagnosis for individuals who were newly infected in a
specific year (and not for individuals who were diagnosed in a
specific year), and throughout the article, we used the term dis-
tribution of time from infection diagnosis to refer to this distri-
bution. Briefly, our model relies on the principle that trends in
newly diagnosed HIV cases reflect both trends in HIV incidence
and the distribution of times from infection to diagnosis. Thus,
the former can be used to estimate the latter. However, due to
the lack of identifiability in distinguishing changes in HIV inci-
dence from changes in distribution of times from infection to
diagnosis, some estimates may be unreliable, unless extra infor-
mation on one of the two indicators to estimate (HIV incidence
or the distribution of times from infection diagnosis) is incorpo-
rated into the model. In our approach, we used data on the clin-
ical status at diagnosis to bring information on the distribution
of time from infection to diagnosis. We considered three clinical
status: PHI, AIDS, neither PHI nor AIDS. Individuals diagnosed
with PHI were assumed to have short time intervals from infec-
tion to diagnosis (3 months in median) while individuals diag-
nosed with AIDS were assumed to have longer time intervals,
and depending on the natural AIDS incubation time (10 years
in median). Individuals diagnosed without PHI or AIDS were
assigned with intermediate, but unknown, time intervals,
depending on two parameters representing uptake of routine
testing and onset of HIV symptoms that occur towards the end
of the incubation period. Values for these two parameters
together with HIV incidence were then simultaneously esti-
mated by fitting the back-calculation model to the observed
numbers of new HIV diagnoses stratified by clinical stage.

2.3 | Number of undiagnosed HIV infections

To estimate the number of individuals living with undiagnosed
HIV, we used estimates of HIV incidence and distribution of
times from infection to diagnosis. The method has been
described elsewhere [26] and is detailed in Appendix S3 in
SM. Briefly, the estimated number of new HIV infections was
projected forward according to the distribution of times from
infection to diagnosis to obtain estimates of the number of
individuals living with undiagnosed HIV infection in a given
year. Specifically, from the number of newly HIV-infected indi-
viduals at each point in time, we estimated those who were
still undiagnosed in a given year, using the cumulative proba-
bilities of not being diagnosed with HIV over time; these
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probabilities were calculated from the distributions of time
between infection and diagnosis.

2.4 | Producing estimates at the national and
subnational level and by population

We first used national data on newly diagnosed HIV cases
from 2004 to 2014 (Figure S1A) to obtain estimates of the
three epidemiological indicators at the national level. Then, we
used data on newly diagnosed HIV cases from 2004 to 2014
of each region of France to produce regional estimates; in
2014, there were 27 regions in France, including 21 mainland
regions, Corsica and five overseas regions: Guyane in South
America (also known as French Guyana), Guadeloupe and
Martinique in the Caribbean, and Reunion and Mayotte in the
Indian Ocean. We also produced, at the national level and in
four selected regions, estimates by sex, HIV exposure group
and country of birth. The exposure group is determined based
on what individuals declare as the probable mode of HIV
acquisition when diagnosed with HIV. If more than one mode
is reported, the case is classified in the exposure category
listed first in the following hierarchy: man who have sex with
men (MSM), person who injects drugs (PWID) and heterosex-
ual. For the country of birth, we split individuals between
those born in France and those born abroad, and among those
born broad we also produced estimates for individuals born in
Sub-Saharan Africa (SSA). The four regions, namely Guyane,
Ile-de-France (the Paris region), Provence-Alpes-Côte d’Azur
and Centre, were selected to illustrate contrasted situations
regarding the burden of HIV epidemic and the populations
most affected by HIV (Figure S1B). We produced mean and
95% confidence intervals (CI) using a bootstrap procedure
(see Appendix S4 in SM). Note that in the results section, we
present our estimates for the year 2014 for incidence and
undiagnosed HIV prevalence, while for the time to diagnosis,
we chose to present the distribution for individuals infected
between 2011 and 2014, and not only in 2014, because the
time to diagnosis can greatly vary from year to year, but also
variation may not be pertinent to inform testing strategies.
The denominators used for rate calculations at the national

and subnational level were based on population size (aged 18
to 64) estimates in 2014 produced by the French National
Institute of Statistics and Economic Studies [29], which also
provides estimates according to the country of birth, and esti-
mates from the latest national surveys on sexual behaviour
[30] and drug use [31]. Note that for the denominator of the
incidence rate we subtracted the HIV prevalence [12] from
the population size. We defined MSM as men who had at
least one sexual intercourse with another man in the past
12 months and PWID as people who injected drugs in the
past 12 months. More details are given in SM on population
size estimates, calculation of rates and statistical comparisons
(see Appendix S5 to S7).

3 | RESULTS

In 2014, in France, an estimated 6607 new infections
occurred, corresponding to an incidence rate of 1.7 per
10,000 (Table 1). There were an estimated 24,197 individuals
living with undiagnosed HIV, corresponding to an undiagnosed

prevalence rate of 6.1 per 10,000 (Table 1). The median time
from infection to diagnosis for individuals infected from 2011
to 2014 was 3.3 years (interquartile range (IQR): 1.2 to 5.7).

3.1 | Geographical heterogeneity

Forty-two percent of the estimated new infections (2757 out
of 6607) occurred among people living in Ile-de-France (Fig-
ure 1A).
Two regions of the south-east of France, Provence-Alpes-

Côte d’Azur and Rhône-Alpes, accounted for 14% of the esti-
mated new infections (respectively 625 and 318 new infec-
tions). It is in these three regions that were living 56% of the
undiagnosed individuals (Figure 1B): Ile-de-France region
(42%, 10,117 out of 24,197), Provence-Alpes-Côte d’Azur (8%)
and Rhône-Alpes (6%). Relating these numbers to the size of
the population living in each region, we found that seven
regions had at least one rate higher than national level (p-
values < 0.0001, red-coloured regions on Figure 1C and D).
Guyane had rates (per 10,000 inhabitants) of incidence and
undiagnosed prevalence around ten times higher (respectively
16.8 and 65.6), followed by Guadeloupe with rates three times
higher (respectively 5.4 and 20.5), Ile-de-France and Mar-
tinique with rates around two times higher (respectively 3.7
and 13.4 for Ile-de-France, 4.3 and 14.0 for Martinique), and
Provence-Alpes-Côte-d’Azur (respectively 2.2 and 6.8) and
Languedoc-Roussillon (respectively 2.0 and 6.3) with rates sig-
nificantly higher than the national level (p-value < 0.0001).
Centre had slightly but significantly higher incidence rate than
the national level (1.9; p-value < 0.0001, red-coloured region
on Figure 1C). Time from infection to diagnosis for individuals
infected from 2011 to 2014 remained long and not signifi-
cantly different than national level in most regions (yellow-
coloured regions on Figure 1E), and significantly different in
two regions (blue-coloured regions on Figure 1E) with median
lower or equal than the national level in Alsace (2.2 years) and
Auvergne (3.3 years), (p-values < 0.0001).

3.2 | Population heterogeneity

At the national level, while MSM, heterosexuals and PWID
represented, respectively, 0.8%, 98.9% and 0.3% of the gen-
eral population, in 2014, 44% of the new HIV infections
(2938 out of 6607) and 38% of undiagnosed infections (9181
out of 24,197) occurred among MSM, respectively, 54% and
61% among heterosexuals, and 1% and 1% among PWID,
respectively (Table 1). Among MSM, 22% of the new infec-
tions or undiagnosed infections occurred among born-abroad
MSM. Among PWID, about 33% of the new infections and
43% undiagnosed infections occurred among born-abroad
PWID. Regarding born-abroad heterosexuals, among women
more than 70% of the new infections or undiagnosed infec-
tions occurred among SSA-born women and among men
around 70% of the new infections or undiagnosed infections
occurred among SSA-born men. When considering rates (per
10,000) of incidence and undiagnosed prevalence, the most
affected populations were born-abroad MSM (with respective
rates of 181.8 and 480.2), MSM born in France (respectively
104.5 and 269.6), born-abroad PWID (respectively 23.6 and
107.7) and SSA-born heterosexual women (respectively 25.1
and 91.5) and men (respectively 19.2 and 77.6). The rates of
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Figure 1. Subnational estimates for France. (A) Number of new HIV infections in 2014; (B) number of undiagnosed HIV infections in 2014;
(C) number of new HIV infections per 10,000 inhabitants (aged 18 to 64 years old) in 2014; (D) number of undiagnosed HIV infections per
10,000 inhabitants (aged 18 to 64 years old) in 2014; (E) median time between infection and diagnosis (in years) for individuals infected
between 2011 and 2014. *We could not provide estimates for Corse and Mayotte because of incomplete surveillance data. In (A) and (B),
yellow-coloured regions correspond to regions with numbers close to average number of new infections individuals in A (i.e. 6607/27�245)
and undiagnosed HIV individuals in B (i.e. 24,197/27 � 896), and in (E) to regions with distributions of times from infection to diagnosis not
statistically different than the national-level distribution; Estimated national rates were 1.7 per 10,000 (95% CI: 1.5 to 1.8) for HIV incidence,
6.1 per 10,000 (95% CI: 5.7 to 6.6) for undiagnosed HIV infections and the national-level median time between infection and diagnosis was
3.3 years (interquartile range: 1.2 to 5.7). In (A–D), light blue (respectively dark blue) coloured regions correspond to regions with numbers
or rates more than twice lower (respectively less than twice lower) than average numbers or national rates, while dark red (respectively light
red) coloured regions correspond to regions with numbers or rates more than nine times higher (respectively less than nine times higher)
than average numbers or national rates. In (E), light blue-coloured regions correspond to regions with distribution of times from infection to
diagnosis statistically different than the national-level distribution, with values for the median lower than or equal to that of the national
level. The maps were produced using the package maptools in R 3.2.4 [39].
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HIV incidence and undiagnosed HIV prevalence were higher
than the national rates for each of these populations (p-
values < 0.0001): 108- and 78-fold, 62- and 44-fold, 14- and
18-fold, 15- and 15-fold, 11- and 13-fold respectively. Among
individuals infected between 2011 and 2014, heterosexual
men and PWID born in France had longer time to diagnosis
than MSM and heterosexual women (medians of >4 years ver-
sus ≤3.2 years) but it was only statistically significant for
heterosexual men (p-values < 0.0001 for all two-by-two com-
parisons).

3.3 | Geographical and population heterogeneity

To illustrate existing heterogeneity in how populations are
affected by HIV according to the geographic area, we chose
to focus on four selected regions.
In Ile-de-France, rates of incidence and undiagnosed preva-

lence were, respectively, 195.9 and 450.7 for born-abroad
MSM, 151.2 and 344.7 for MSM born in France, 28.6 and
98.2 for SSA-born heterosexual women, 19.6 and 88.7 for
SSA-born heterosexual men, and 17.9 and 54.4 for PWID
(Table 2). Heterosexual men and PWID had longer time from
HIV infection to diagnosis than MSM and heterosexual women
(medians of ≥4 years vs. ≤3 years) but it was only statistically
significant for heterosexual men (p-values < 0.05 for two-by-
two comparisons except heterosexual men born in France
against heterosexual women born in France).
In Provence-Alpes-Côte d’Azur, born-abroad MSM and

MSM born in France had by far the highest rates (per
10,000) of incidence (respectively 57.8 and 102.1) and undiag-
nosed prevalence (respectively 169.4 and 223.9) compared to
other groups (p-values < 0.0001, Table 2). Heterosexual men
tended to have longer times from HIV infection to diagnosis
than other groups (medians of >4 years vs. ≤3 years for the
other groups, p-values < 0.05 for all two-by-two comparisons
for heterosexual men born in France against MSM born in
France and born-abroad heterosexual men against born-
abroad heterosexual women).
In the region Centre, we could only produce estimates by

sex, and for two groups, MSM and born-abroad heterosexual
women that represented, respectively, 37% and 27% of the
new HIV diagnoses (Figure S1B). Rates (per 10,000) of inci-
dence and undiagnosed prevalence were, respectively, 244.6
and 600.1 for MSM and 27.0 and 128.8 for SSA-born hetero-
sexual women (Table 2).
In Guyane, we could only produce estimates by sex, and for

two groups, born-abroad heterosexual women and men that
represented, respectively, 40% and 30% of the new HIV diag-
noses (Figure S1B). Rates (per 10,000) of incidence and undi-
agnosed prevalence were, respectively, 23.9 and 94.8 for
born-abroad heterosexual women and 26.0 and 109.4 for
born-abroad heterosexual men (Table 2). Time from infection
to diagnosis tended to be longer among born-abroad hetero-
sexual men than born-abroad heterosexual women (median of
4.1 years vs. 3.0, p-value = 0.4636).

4 | DISCUSSION

In France, substantial heterogeneity exists in HIV incidence,
undiagnosed HIV prevalence and time from infection to

diagnosis across locations and populations. These features of
the French HIV epidemics need to be accounted for to
improve prevention and care in France. To the best of our
knowledge, this is the first study quantifying within-country
geographical and population heterogeneity for these three key
epidemiological indicators.
HIV affects all regions of France, but four regions (three

overseas and one mainland) were more affected than others.
By far, the most impacted region was Guyane, located in
South America, with HIV incidence and undiagnosed HIV
prevalence rates around 10 times higher than national rates.
Next, it was Guadeloupe, an island in the Caribbean, followed
by Martinique, another island in the Caribbean, and Ile-de-
France, which includes Paris, the biggest city of France, with
rates two to three times higher than national level. Remark-
ably, more than 40% of the new and undiagnosed HIV infec-
tions occurred among people living in Ile-de-France, while only
19% of the French population (aged 18 to 64) lives in this
region. HIV affects all populations but five populations were
more affected than others. By far, the most affected popula-
tions were born-abroad MSM and MSM born in France, with
undiagnosed HIV prevalence and HIV incidence rates 44- to
108-fold higher than the national level. Then, it was born-
abroad persons who inject drugs and SSA-born heterosexuals
(men and women), with rates 11- to 18-fold higher than the
national level.
The populations most affected by HIV differed from one

region to another and in regions that were apparently less
affected than the four aforementioned, some populations were
as impacted by HIV as those living in the most impacted area. In
Ile-de-France, the most impacted populations were MSM,
whether born in France or abroad, followed by SSA-born
heterosexual women and men, and PWID. In Provence-Alpes-
Côte d’Azur, it was mainly MSM, whether born in France or
abroad, while in Centre it was both MSM and SSA-born hetero-
sexual women. In these last two regions, incidence and undiag-
nosed HIV prevalence rates for MSM and SSA-born
heterosexual women were as high as those estimated for these
populations in Ile-de-France. In Guyane, the most impacted pop-
ulations were heterosexual men and women born in Haiti or in
the Americas. A common feature for all regions was that times
from infection to diagnosis for individuals remained long for all
populations, and especially for heterosexual men, whether born
in France or abroad, who had, or tended to have, longer time
intervals from infection to diagnosis.
The main strength of our approach is that it only requires

data on newly diagnosed HIV cases. Our approach can be
applied to any country collecting data on the annual number of
newly diagnosed HIV cases as well as the clinical status at diag-
nosis, exposure group and country of birth, which includes most
high-income countries [32]. Several things were done to check
the internal and external validity of our results (see
Appendix S8 of the SM), nevertheless, our results are subject to
a number of limitations affecting surveillance data and data
used to determine the size of populations. As surveillance data
on new HIV cases were not exhaustive, they were adjusted for
missing entries, reporting delay and under-reporting [28].
Potential inaccurate adjustment could affect our estimates. Fur-
thermore, as French surveillance system on newly diagnosed
HIV cases was paper-based until recently, it was labour inten-
sive and time-consuming to collect data, and thus, it generated
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gaps in data availability, which prevented producing more timely
estimates. Our findings reflect then the epidemiological situa-
tion in 2014, and thus attitudes towards HIV testing and pre-
vention until that year. If these attitudes have changed since
2014, for example with use of PrEP, which was made available
in France in 2016, it could have altered estimates for HIV infec-
tion, and to a lower extent estimates for the undiagnosed preva-
lence. One could also argue that universal treatment, which was
implemented in France at the end of 2013, had influenced beha-
viours towards HIV testing, yet in the past, no major changes in
HIV testing behaviours were observed when treatment eligibil-
ity guidelines were changed [33]. Gap in data availability is not
an issue specific to France, but rather a global issue. Addressing
this issue, and improving the timeliness of surveillance data
availability for analysis and dissemination, for instance develop-
ing a national-based electronic surveillance system—this was
done in France in 2016—should be a priority, because real-time
epidemiological estimates can be a powerful tool to design,
monitor and evaluate interventions aiming to prevent HIV infec-
tion and/or reduce time to diagnosis.
In addition, estimates of the size of some populations, such as

MSM and PWID, remain uncertain because they are imprecise at
the subnational level and rely on definitions that may be too
restrictive. We defined MSM and PWID based on sexual activity
or drug use over the last twelve months. More inclusive defini-
tions, based on sexual activity or drug use over the last two or
five years, would have led to higher population sizes and lower
rates. Moreover, national surveys [30,31] provided estimates of
the prevalence of MSM and PWID at the national and subna-
tional level, but not according to the country of birth. We then
assumed that the prevalence of MSM and PWID was similar
among individuals born in France and those born abroad, but it
remains unclear whether and how this assumption could have
biased our results. Moreover, to produce regional estimates, we
used the region of residence at diagnosis.While, it seems reason-
able to assume that the region of residence at diagnosis brings
some information on where individuals were living before being
diagnosed, thus on where individuals were living with undiag-
nosed HIV infection, the region of residence at diagnosis does
not bring any information on where individuals acquired HIV.
Some individuals, especially among those born abroad, may have
acquired HIV infections outside France. A recent study con-
ducted among SSA migrants living in Ile-de-France showed that
from 51% to 65% of them acquired HIV before migrating in
France [34].Thus, we probably overestimated the number of new
HIV infections that occurred in France, and thus HIV incidence
rates, especially among born-abroad individuals, and in regions,
where the proportion of born-abroad individuals among newHIV
cases is high. Finally, our back-calculation model accounts for
some, and maybe not all, changes in test-seeking behaviours that
occurred over time. These changes are essentially driven by the
time-varying proportions of individuals diagnosed with PHI (see
Appendix S2 in SM). By assuming that, for individuals diagnosed
without PHI or AIDS, uptakes of HIV testing due to routine medi-
cal examination or onset of HIV symptoms that occur towards
the end of the incubation period were constant over the 2004 to
2014 period, we may have failed to appreciate all the changes in
test-seeking behaviours. However, annual number of HIV tests
performed in France remained fairly stable over the 2004 to
2014 period [33], suggesting that no major changes in test-seek-
ing behaviours occurred over this period.

Our results show that in France, a high number of new and
undiagnosed HIV infections (>40%) are concentrated in a delim-
ited geographical area, namely the region Ile-de-France. This
offers the opportunity to intensify prevention and testing pro-
grammes in this area to eventually impact HIV transmission in
this area, and possibly elsewhere in France. Indeed, recent phylo-
genetic studies concluded that the region Ile-de-France was the
major hub of dissemination in France [35,36], and that among
clusters of primary HIV infections involving patients living in not
contiguous regions 70% involved one patient living in Paris area
[37]. This suggests that reducing HIV transmission in Ile-de-
France could indirectly reduce HIV transmission in other regions
of France. Our findings also revealed that, for all HIV exposure
groups (i.e. MSM, heterosexuals and PWID), born-abroad individ-
uals account for a significant fraction of the number of new and
undiagnosed HIV infections. Moreover, when considering rates,
born-abroad populations are among the most affected by HIV.
This calls for tailored HIV prevention and testing interventions
towards these individuals and shows the importance of produc-
ing sub-population estimates. Moreover, we found that in geo-
graphical areas that appear less impacted by HIV, some
populations (e.g. born-abroad MSM, SSA-born women) can be as
impacted by HIV than those living in the most impacted area,
thus our findings also clearly invite to implement and target HIV
prevention and testing programmes towards specific populations
in each region of France, based on key epidemiological indicators,
such as HIV incidence, undiagnosed HIV prevalence and time
from infection to diagnosis. Finally, we found that times from
infection to diagnosis remained long in all regions and for all pop-
ulations, and especially for heterosexual men. Time to diagnosis
could be an interesting surrogate metric to monitor access to
cART in France, and probably in many other settings. Indeed, we
previously showed that, in France, HIV diagnosis remained the
main gap in the continuum of HIV care and thus the duration
between HIV infection and cART initiation was highly dependent
on the time to HIV diagnostic [12]. As a consequence, monitoring
the time to diagnosis and implementing interventions aiming at
reducing this time will be essential to accelerate cART initiation,
on which depends the success of treatment as prevention.
Similar geographical and population heterogeneity are likely

to occur in other settings and need to be investigated. Unravel-
ling these heterogeneity is key to impact HIV transmission at
the population level, by intensifying intervention programmes
in most affected geographical areas, and reduce individual-level
risk of HIV acquisition and time from infection to diagnosis,
by targeting affected populations in each geographical area.
Without a granular view of the HIV epidemics within countries,
it will not be possible to close gaps in HIV prevention and care
continuums, and thus end the HIV and AIDS epidemics. In this
study, we used surveillance data on newly diagnosed HIV cases,
which are mainly available in most high-income countries. In
other settings, there also exists surveillance systems collecting
data on uptake of antiretroviral therapy, currently underused,
for which back-calculation models can also be developed to
derive subnational estimates [38].

5 | CONCLUSIONS

Our study clearly shows that the HIV epidemic in France is
diverse. Risks of HIV acquisition, of undiagnosed HIV infections
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and time to HIV diagnosis are not uniformly distributed across
geographical areas and populations. This highlights not only the
need to design, adapt and/or implement subnational tailored
HIV prevention and testing programmes based on key epidemio-
logical indicators, such as HIV incidence, undiagnosed HIV preva-
lence and time from infection to diagnosis, in France, but also in
other settings where similar heterogeneity is likely to exist.

AUTHORS ’ AFF I L IAT IONS

1INSERM, Sorbonne Universit�e, Institut Pierre Louis d’Epid�emiologie et de
Sant�e Publique, Paris, France; 2Sant�e publique France, French National Public
Health Agency, Saint-Maurice, France; 3Paris Sud University, Orsay, France;
4Centre de Recherche en Epid�emiologie et Sant�e des populations (CESP),
INSERM U1018, Villejuif, France

COMPET ING INTEREST

VS has served on advisory boards for ViiV Healthcare (2016) and reports lec-
ture fees from Gilead (2014, 2015) and MSD (2014). DC reports grants from
Janssen-Cilag (2014), Merck-Sharp & Dohme-Chibret (2017), ViiV (2015), per-
sonal fees from Janssen-Cilag (2016), Merck-Sharp & Dohme-Chibret (2015)
for lectures, personal fees from Gilead (2014), ViiV (2015), Janssen-Cilag
(2014) for travel, accommodations and meeting expenses, personal fees from
Gilead France from 2011 until December 2015 for French HIV board, personal
fees from Innavirvax (2015 and 2016) for consultancy, outside the submitted
work. LM, FC, HP and JP declare no conflicts of interest.

AUTHORS ’ CONTR IBUT IONS

VS designed the research; LM performed the research; all authors analysed the
data; LM, DC and VS drafted the manuscript; all authors critically revised the
manuscript for important intellectual content.

ACKNOWLEDGEMENTS

FUNDING

LM, DC and VS thank INSEE and R�eseau Quetelet for kindly providing national
and subnational statistics on population size (Donn�ees harmonis�ees des
recensements de la population: Tabulation sur mesure, INSEE [producteur],
ADISP-CMH [diffuseur]). LM, DC and VS also thank Christophe God�ereaux for
optimizing the code written in C and Eric Janssen (OFDT) for sharing his esti-
mates on drug use in France before publication as well as providing additional
estimates.

This work was supported by ANRS throughout the project ANRS 95017
INDIC and the framework of HIVERA JTC 2014. The sponsor had no role in
the study.

REFERENCES

1. Costagliola D. Demographics of HIV and aging. Curr Opin HIV AIDS.
2014;9:294–301.
2. Wandeler G, Johnson LF, Egger M. Trends in life expectancy of HIV-positive
adults on antiretroviral therapy across the globe: comparisons with general pop-
ulation. Curr Opin HIV AIDS. 2016;11:492–500.
3. Cohen MS, Chen YQ, McCauley M, Gamble T, Hosseinipour MC, Kumara-
samy N, et al. Antiretroviral therapy for the prevention of HIV-1 Transmission.
N Engl J Med. 2016;375:830–9.
4. McCormack S, Dunn DT, Desai M, Dolling DI, Gafos M, Gilson R, et al. Pre-
exposure prophylaxis to prevent the acquisition of HIV-1 infection (PROUD):
effectiveness results from the pilot phase of a pragmatic open-label randomised
trial. Lancet. 2016;387:53–60.
5. Molina JM, Capitant C, Spire B, Pialoux G, Cotte L, Charreau I, et al. On-
demand preexposure prophylaxis in men at high risk for HIV-1 Infection. N Engl
J Med. 2015;373:2237–46.
6. Joint UN Programme on HIV/AIDS (UNAIDS). 90-90-90 An ambitious treat-
ment target to help end the AIDS epidemic. Geneva, Switzerland 2014. http://
www.unaids.org/sites/default/files/media_asset/2090-2090-2090_en_2010.pdf
7. Cescon A, Patterson S, Davey C, Ding E, Raboud JM, Chan K, et al. Late ini-
tiation of combination antiretroviral therapy in Canada: a call for a national

public health strategy to improve engagement in HIV care. J Int AIDS Soc.
2015;18:20024.
8. Kiertiburanakul S, Boettiger D, Lee MP, Omar SF, Tanuma J, Ng OT, et al.
Trends of CD4 cell count levels at the initiation of antiretroviral therapy over
time and factors associated with late initiation of antiretroviral therapy among
Asian HIV-positive patients. J Int AIDS Soc. 2014;17:18804.
9. Ndawinz JD, Anglaret X, Delaporte E, Koulla-Shiro S, Gabillard D, Minga A,
et al. New indicators for delay in initiation of antiretroviral treatment: estimates
for Cameroon. Bull World Health Organ. 2015;93:521–8.
10. Siedner MJ, Ng CK, Bassett IV, Katz IT, Bangsberg DR, Tsai AC. Trends in
CD4 count at presentation to care and treatment initiation in sub-Saharan
Africa, 2002-2013: a meta-analysis. Clin Infect Dis. 2015;60:1120–7.
11. Lodi S, Dray-Spira R, Touloumi G, Braun D, Teira R, D’Arminio Monforte
A, et al. Delayed HIV diagnosis and initiation of antiretroviral therapy:
inequalities by educational level, COHERE in EuroCoord. AIDS. 2014;28
(15):2297–306.
12. Supervie V, Marty L, Lacombe JM, Dray-Spira R, Costagliola D; FHDH-
ANRS CO4 study group. Looking beyond the cascade of HIV care to end the
AIDS epidemic: estimation of the time interval from HIV infection to viral sup-
pression. J Acquir Immune Defic Syndr. 2016;73:348–55.
13. Kall MM, Smith RD, Delpech VC. Late HIV diagnosis in Europe: a call for
increased testing and awareness among general practitioners. Eur J Gen Pract.
2012;18:181–6.
14. Group Insight Start Study, Lundgren JD, Babiker AG, Gordin F, Emery S,
Grund B, Sharma S, et al. Initiation of antiretroviral therapy in early asymp-
tomatic HIV infection. N Engl J Med. 2015; 373(9):795–807.
15. TEMPRANO ANRS 12136 Study Group, Danel C, Moh R, Gabillard D,
Badje A, Le Carrou J, Quassa T, et al. A trial of early antiretrovirals and isoni-
azid preventive therapy in Africa. N Engl J Med. 2015;373(9):808–22.
16. Marks G, Crepaz N, Janssen RS. Estimating sexual transmission of HIV
from persons aware and unaware that they are infected with the virus in the
USA. AIDS. 2006;20:1447–50.
17. Skarbinski J, Rosenberg E, Paz-Bailey G, Hall HI, Rose CE, Viall AH, et al.
Human immunodeficiency virus transmission at each step of the care continuum
in the United States. JAMA Intern Med. 2015;175:588–96.
18. Beyrer C. Tailoring biomedical interventions for key populations. Lancet
HIV. 2015;2:e8–9.
19. Chang LW, Grabowski MK, Ssekubugu R, Nalugoda F, Kigozi G, Nantume B,
et al. Heterogeneity of the HIV epidemic in agrarian, trading, and fishing com-
munities in Rakai, Uganda: an observational epidemiological study. Lancet HIV.
2016;3:e388–96.
20. Larmarange J, Bendaud V. HIV estimates at second subnational level from
national population-based surveys. AIDS. 2014;28 Suppl 4:S469–76.
21. Wirtz AL, Trapence G, Kamba D, Gama V, Chalera R, Jumbe V, et al. Geo-
graphical disparities in HIV prevalence and care among men who have sex with
men in Malawi: results from a multisite cross-sectional survey. Lancet HIV.
2017;4:e260–9.
22. Johnson AS, Song R, Hall HI. Estimated HIV incidence, prevalence, and
undiagnosed infections in US states and Washington, DC 2010-2014. J Acquir
Immune Defic Syndr. 2017;76(2):116–22.
23. Cazein F, Pillonel J, Le Strat Y, Pinget R, Le Vu S, Brunet S, et al. D�ecou-
vertes de s�eropositivit�e VIH et de SIDA, France, 2003-2013. Bull Epidemiol
Hebd. 2015;9–10:152–61.
24. Qin Q, Guo W, Tang W, Mahapatra T, Wang L, Zhang N, et al. Spatial analy-
sis of the human immunodeficiency virus epidemic among men who have sex
with men in China, 2006-2015. Clin Infect Dis. 2017;64:956–63.
25. Ndawinz JD, Costagliola D, Supervie V. New method for estimating HIV
incidence and time from infection to diagnosis using HIV surveillance data:
results for France. AIDS. 2011;25:1905–13.
26. Supervie V, Ndawinz JD, Lodi S, Costagliola D. The undiagnosed HIV epi-
demic in France and its implications for HIV screening strategies. AIDS.
2014;28:1797.
27. Lot F, Semaille C, Cazein F, Barin F, Pinget R, Pillonel J, et al. Preliminary results
from the new HIV surveillance system in France. Euro Surveill. 2004;9:34–7.
28. Cazein F, Le Strat Y, Pillonel J, Lot F, Bousquet V, Pinget R, et al. D�epistage
du VIH et d�ecouvertes de s�eropositivit�e, France, 2003-2010. Bull Epidemiol
Hebd. 2011;43–44:446–54.
29. Donn�ees harmonis�ees des recensements de la population: Tabulation sur
mesure, INSEE [producteur], ADISP-CMH [diffuseur].
30. Bajos N, Bozon M. Enquête sur la sexualit�e en France: pratiques, genre et
sant�e. Paris: Editions La D�ecouverte; 2008.
31. Janssen E. Estimating the number of people who inject drugs: a proposal to
provide figures nationwide and its application to France. J Public Health.
2017;1–9. https://doi.org/10.1093/pubmed/fdx059. [Epub ahead of print]

Marty L et al. Journal of the International AIDS Society 2018, 21:e25100
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25100/full | https://doi.org/10.1002/jia2.25100

10

http://www.unaids.org/sites/default/files/media_asset/2090-2090-2090_en_2010.pdf
http://www.unaids.org/sites/default/files/media_asset/2090-2090-2090_en_2010.pdf
https://doi.org/10.1093/pubmed/fdx059
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25100/full
https://doi.org/10.1002/jia2.25100


32. Devaux I, Alix J, Likatavicius G, Herida M, Nielsen SS, Hamers FF, et al.
Human immunodeficiency virus (HIV) and acquired immunodeficiency syndrome
(AIDS) case reporting in the World Health Organization European Region in
2006. Euro Surveill. 2008;13:18988.
33. Haute Autorit�e de Sant�e. R�e�evaluation de la strat�egie de d�epistage de
l’infection �a VIH en France. 2017 [cited 01 February 2018]. Available from:
https://www.has-sante.fr/portail/upload/docs/application/pdf/2017-03/dir2/
reevaluation_de_la_strategie_depistage_vih_-_recommandation.pdf
34. Desgrees-du-Lou A, Pannetier J, Ravalihasy A, Gosselin A, Supervie V, Panjo
H, et al. Sub-Saharan African migrants living with HIV acquired after migration,
France, ANRS PARCOURS study, 2012 to 2013. Euro Surveill. 2015;20:31–8.
35. Brand D, Capsec J, Chaillon A, Cazein F, Le Vu S, Moreau A, et al. HIV
surveillance combining an assay for identification of very recent infection and
phylogenetic analyses on dried spots. AIDS. 2017;31:407–16.
36. Chaillon A, Essat A, Frange P, Smith DM, Delaugerre C, Barin F, et al. Spa-
tiotemporal dynamics of HIV-1 transmission in France (1999-2014) and impact
of targeted prevention strategies. Retrovirology. 2017;14:15.
37. Frange P, Meyer L, Deveau C, Tran L, Goujard C, Ghosn J, et al. Recent
HIV-1 infection contributes to the viral diffusion over the French territory with
a recent increasing frequency. PLoS One. 2012;7:e31695.
38. Supervie V, Costagliola D. Time for a revolution in tracking the HIV epi-
demic. Lancet HIV. 2016;3:e337–9.
39. Bivand R, Lewin-Koh N. Maptools: tools for reading and handling spatial
objects. R package version 0.8-39. https://CRAN.R-project.org/package=ma
ptools. 2016.

SUPPORTING INFORMATION

Additional Supporting Information may be found in the online
version of this article:
Appendix S1. Description of the back-calculation model.
Appendix S2. Estimating the number of new HIV infections
and the distribution of times from infection to diagnosis.
Appendix S3. Estimating the number of undiagnosed HIV-
infected individuals.
Appendix S4. Precision of the estimates and estimates of the
HIV incidence before 2003.

Appendix S5. Estimating population sizes.
Appendix S6. Estimating prevalence rates of undiagnosed HIV
and rates of HIV incidence.
Appendix S7. Statistical tests and maps.
Appendix S8. Internal and external validity.
Table S1. Population size, aged 18 to 64, by sex and origin, in
2014 in France at the national level and in four selected
regions [5,8]
Table S2. Estimated proportion of men, aged 18 to 69, who
had sex with another man in the past twelve months in France
and in four selected regions in 2006 [6]
Table S3. Estimated number of individuals, aged 15 to 64,
who injected drugs in the past twelve months, by sex, in
France and in four selected regions in 2014 [7]
Table S4. Estimated population sizes and 95% confidence
intervals, aged 18 to 64, by sex, HIV exposure group and ori-
gin, in France and in four selected regions
Table S5. Estimated national-level rates of HIV prevalence in
France in 2010 by sex, HIV exposure group and origin
Table S6. Annual expected and observed numbers of HIV
diagnosis at the national level over 2004 to 2014
Table S7. Estimated time from infection to HIV diagnosis and
CD4 cell count at HIV diagnosis by group
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